Recent studies indicate that reactive oxygen species (ROS) play an important role in neuropathic pain, predominantly through spinal mechanisms. Since the data suggest that ROS are involved in central sensitization, the present study examines the levels of activated N-methyl-D-aspartate (NMDA) receptors in the dorsal horn before and after removal of ROS with a ROS scavenger, phenyl-N-t-butyl nitrone (PBN), in animal models of pain. Tight ligation of the L5 spinal nerve was used for the neuropathic pain model and intradermal injection of capsaicin was used for the inflammatory pain model. Foot withdrawal thresholds to von Frey stimuli to the paw were measured as pain indicators. The number of neurons showing immunoreactivity to phosphorylated NMDAreceptor subunit 1 (pNR1) and the total amount of pNR1 proteins in the spinal cord were determined using immunohistochemical and Western blotting techniques, respectively. Hyperalgesia and increased pNR1 expression were observed in both neuropathic and capsaicin-treated rats. A systemic injection of PBN (100 mg/kg, i.p.) dramatically reduced hyperalgesia and blocked the enhancement of spinal pNR1 in both pain models within 1 h after PBN treatment. The data suggest that ROS are involved in NMDAreceptor activation, an essential step in central sensitization, and thus contribute to neuropathic and capsaicin-induced pain. Ó
Introduction
Reactive oxygen species (ROS) have been implicated in many degenerative neurological conditions such as Alzheimer's disease, Parkinson's disease, and amyotrophic lateral sclerosis, as well as brain dysfunction due to injury or aging (Olanow, 1992; Coyle and Puttfarcken, 1993; Balazs and Leon, 1994; Gerlach et al., 1994; Jenner, 1994; Hensley et al., 1997; Lewen et al., 2000) . Recent studies indicate that ROS are also involved in persistent pain, including neuropathic and inflammatory pain (Tal, 1996; Salvemini et al., 1999; Kim et al., 2004; Wang et al., 2004) . In neuropathic rats, the allodynia that developed after nerve ligation was temporarily but significantly reversed after treatment with various ROS scavengers (Kim et al., 2004 (Kim et al., , 2006 . The data suggest that ROS are involved in the maintenance of neuropathic pain. Furthermore, the superoxide dismutase (SOD) mimetic, M40403, which converts free-radical superoxide to hydrogen peroxide, was very effective in reducing inflammation indicators and hyperalgesia after carrageenan injection into the rat paw (Wang et al., 2004) . The transient but dramatic analgesic effect of free-radical scavengers in persistent pain models suggests that ROS are critically involved in the maintenance of persistent pain.
Central sensitization is believed to be an important mechanism underlying persistent pain, including neuropathic pain (Woolf and Thompson, 1991; Dubner and Ruda, 1992; Willis, 1994) and inflammatory pain (Coderre and Melzack, 1992; Ma and Woolf, 1996; Willis, 2002) . It is also well-accepted that NMDA receptors are critically involved in central sensitization 
